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(54) Method of and apparatus for processing information, and providing medium

(57) A video entertainment system (1) includes a
media processor (4) for processing information. The
media processor (4) has a system bus (21) with an ex-

ternal device connected thereto, a bus arbiter (15) for

providing the right to use the system bus to the external
device inresponse to a request from the external device,

a DRAM (11) for storing a program supplied from the
external device via the system bus, and digital signal
processors (31-1, 31-2, 31-3, 31-4) for executing a pre-
determined process based on the program supplied
from the DRAM. A CPU (12) manages the process ex-
ecuted by the digital signal processors based on the pro-
gram supplied from the DRAM.
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Description

[0001] The present invention relates to a method of
and an apparatus for processing information, and a pro-
viding medium.

[0002] In recent years, graphic computers and video
entertainment systems are required to perform high-
speed signal processing for making displayed images
highly realistic and impressive. To meet the require-
ment, it has been attempted to incorporate in such
graphic computers and video entertainment systems a
plurality of DSPs (Digital Signal Processors) for execut-
ing floating-point product-sum calculations at high
speed, the DSPs being mounted, together with a CPU,
a memory device, and other necessary semiconductor
devices, on a circuit board for parallel signal processing.
[0003] For designing a desired circuit with the DSPs
mounted on the circuit board, however, the memory de-
vice needs to be of a large bit width configuration for
transferring data at a high rate. In order to be used with
the memory device of a large bit width configuration, the
DSPs are required to have a number of terminals, re-
sulting in an increased DSP package size. If a general-
purpose memory device is to be used, then a plurality
of such general-purpose memory devices because
each one of the general-purpose memory devices has
a small storage capacity. For the above reasons, the cir-
cuit board is necessarily large in size, and interconnec-
tions between devices, e.g., interconnections between
the memory device and the DSPs, are long, so that sig-
nal transfer delays will be caused by stray capacities on
the circuit board. As a result, signals cannot be trans-
ferred efficiently at a high rate. Furthermore, as the
number of devices used increases, their power con-
sumption and heat generation increase. The large-size
circuit board tends to degrade itself soon.

[0004] A bootstrap program for the graphic computers
and video entertainment systems is fixedly stored in a
built-in ROM. Therefore, even when a bug in the boot-
strap program is found, it is difficult to eliminate the bug
from the bootstrap program.

[0005] Various respective aspects and features of the
invention are defined in the appended claims.

[0006] Embodiments of the invention can provide a
method of and an apparatus for transferring data effi-
ciently at high speed, and a providing medium for pro-
viding a program and/or data to carry out such a method.
[0007] Embodiments of the present invention can in-
crease the signal processing capability of an apparatus
such as a graphic computer or a video entertainment
system, and allow a program in such an apparatus to
be easily modified.

[0008] The invention will now be described by way of
example with reference to the accompanying drawings,
throughout which like parts are referred to by like refer-
ences, and in which:

FIG. 1 is a block diagram of a video entertainment
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system which incorporates the principles of the
present invention;

FIG. 2 is a block diagram of a media processor in
the video entertainment system shown in FIG. 1;
FIG. 3 is a flowchart of an initializing process of the
video entertainment system;

FIG. 4 is a flowchart of an audio signal processing
sequence of the video entertainment system;

FIG. 5 is a block diagram illustrative of a mode of
operation of a digital audio signal multiplexer in the
media processor;

FIG. 6 is a block diagram illustrative of another
mode of operation of the digital audio signal multi-
plexer;

FIG. 7 is a block diagram illustrative of still another
mode of operation of the digital audio signal multi-
plexer; and

FIG. 8 is a block diagram of a modified digital audio
signal multiplexer.

[0009] FIG. 1 shows in block form a video entertain-
ment system 1 which incorporates the principles of the
present invention. As shown in FIG. 1, the video enter-
tainment system 1 has a host CPU (Central Processing
Unit) 2 for controlling a media processor 4 according to
a program which has been transferred from a recording
medium 5 to a main memory 3 via a drive controller 14
and a host bus 22. When the video entertainment sys-
tem 1 starts to operate, a bootstrap program is read from
the recording medium 5 by the host CPU 2, which may
be a CD-ROM (Compact Disk - Read-Only Memory), a
DVD-ROM (Digital Video Disk - Read-Only Memory), or
the like, into the main memory 3, and then transferred
from the main memory 3 to the media processor 4, which
may be regarded as an information processing appara-
tus, which then executes the bootstrap program. The
main memory 3 comprises a RAM (Random-Access
Memory), for example, and serves to store programs
and data necessary to operate the host CPU 2. The re-
cording medium 5 stores, in addition to the bootstrap
program, application programs, audio signal data (in-
cluding compressed data), video signal data (including
compressed data), and other data.

[0010] After having executed the bootstrap program
supplied via the host bus 22 by the host CPU 2, the me-
dia processor 4 reads an application program and nec-
essary data supplied from the recording medium 5 via
the main memory 3 by the host CPU 2. The media proc-
essor 4 also processes data to output an audio signal,
processes a separately entered audio signal, and re-
ceives and outputs communication data for a modem or
the like, according to the application program.

[0011] A moving-image decoder 23 decodes com-
pressed graphic data supplied from the main memory 3
and returns the decoded graphic data to the main mem-
ory 3, which stores the decoded graphic data. A graphic
engine 24 processes the decoded graphic data, which
has been supplied from the main memory 3 via the host
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bus 22, into a video signal, and outputs the video signal.
[0012] If the media processor 4 is regarded as an in-
formation processing apparatus, then the other compo-
nents including the host CPU 2, the main memory 3, and
the host bus 22 may be regarded as external devices.
[0013] FIG. 2 shows in block form the media proces-
sor 4, which comprises a single LSI circuit. As shown in
FIG. 2, a DRAM (Dynamic RAM) 11 stores the bootstrap
program supplied by the host CPU 2 and also stores
data required for the operation of and a program to be
executed by a CPU 12, which functions also as a man-
agement means and a control means, and a sound en-
gine 13. The CPU 12 executes various processing op-
erations according to the program stored in the DRAM
11. For example, the CPU 12 executes an initializing
process according to the bootstrap program transferred
from the DRAM 11.

[0014] A bus arbiter 15, serving as an arbitration
means for arbitrating or providing the right to use a sys-
tem bus 21.

[0015] A host I/F (interface) 16 is connected to the
host CPU 2 by the host bus 22 and is also connected to
the system bus 21. The host I/F 16 comprises a reset
register 16A and a FIFO (First-In, First-Out) memory
16B.

[0016] When a transfer request from the host CPU 2
is transmitted via the host I/F 16 to the CPU 12, the CPU
12 outputs the transfer request to a DMA (Direct Mem-
ory Access) controller (DMAC) 17. The DMA controller
17 then acquires the right to use the system bus 21
through the bus arbiter 15, and transfers the program
and data from the host CPU 2 via the FIFO memory 16B
to the DRAM 11 according to a DMA transfer process.
[0017] A peripheral device 18 comprises a timer for
performing clock operation and an interrupt controller for
generating interrupt pulses at preset periodic intervals.
[0018] The sound engine 13 comprises four DSPs
31-1 through 31-4 (also collectively referred to as a
"DSP 31") as an executing means for executing a cer-
tain process, a digital audio signal multiplexer 32, a syn-
chronous serial signal multiplexer 33, and an asynchro-
nous serial signal multiplexer 34.

[0019] The DSP 31-1 comprises a digital audio signal
I/F 41-1, a synchronous serial signal I/F 42-1, and an
asynchronous serial signal 43-1, which are connected
respectively to the digital audio signal multiplexer 32,
the synchronous serial signal multiplexer 33, and the
asynchronous serial signal multiplexer 34.

[0020] The digital audio signal I/F 41-1 and the syn-
chronous serial signal I/F 42-1 transfer data in synchro-
nism with a clock signal. The asynchronous serial signal
I/F 43-1 transfer data based on RS-232C. The DSP 31-1
is connected to the system bus 21 for reading a program
and data from the DRAM 11 via the system bus 21 and
storing the program and data in a built-in DRAM 44-1.
[0021] The DSPs 31-2 through 31-4 are identical in
structure to the DSP 31-1. The DSPs 31-2 through 31-4
comprise respective digital audio signal I/Fs 41-2

10

15

20

25

30

35

40

45

50

55

through 41-4, respective synchronous serial signal I/Fs
42-2 through 42-4, respective asynchronous serial sig-
nal I/Fs 43-2 through 43-4, and respective DRAMs 44-2
through 44-4. The DSPs 31-2 through 31-4 are correct-
ed to the system bus 21, the digital audio signal multi-
plexer 32, the synchronous serial signal multiplexer 33,
and the asynchronous serial signal multiplexer 34.
[0022] The digital audio signal multiplexer 32 multi-
plexes digital audio signals supplied from the digital au-
dio signal I/Fs 41-1 through 41-4 of the DSPs 31-1
through 31-4. The synchronous serial signal multiplexer
33 multiplexes digital audio signals supplied from the
digital audio signal I/Fs 42-1 through 42-4 of the DSPs
31-1 through 31-4. The asynchronous serial signal mul-
tiplexer 34 multiplexes digital audio signals supplied
from the digital audio signal I/Fs 43-1 through 43-4 of
the DSPs 31-1 through 31-4. The multiplexers 32, 33,
34 also serve as transfer means for transferring data in
bypassing relation to the system bus 21.

[0023] The media processor 4 is fabricated as one
semiconductor device (LSI circuit) for thereby allowing
the system bus 21 to have a large bit width (128 bits in
the illustrated embodiment). Since the delay in access-
ing the DRAM 11 is small, data can be transferred be-
tween the DRAM 11 and the CPU 12, the DSPs 31-1
through 31-4 at a high rate and hence frequently. There-
fore, the DRAMs 44-1 through 44-4 of the DSPs 31-1
through 31-4 may be of a relatively small storage capac-
ity.

[0024] An initializing process for initializing the video
entertainment system 1 shown in FIGS. 1 and 2 will be
described below with reference to FIG. 3.

[0025] First, the host CPU 2 supplies the media proc-
essor 4 with a reset signal (e.g., a signal having a low
level) via a dedicated reset line (not shown) in step S1.
The resources in the media processor 4, i.e., the CPU
12, the DSPs 31, the bus arbiter 15, etc. are reset by
the reset signal. At this time, the reset register 16A of
the host I/F 16, which manages reset states of the CPU
12 and the DSPs 31, is turned on (reset).

[0026] When the host CPU 2 disables the reset signal,
i.e., changes the reset signal from the low level to the
high level, in step S2, the CPU 12 and the DSPs 31 (ac-
curately their cores) remain reset (the reset register 16A
remains turned on), but the other resources, e.g., the
bus arbiter 15 and the DMA controller 17, are released
from their reset states. Then, the host CPU 2 requests
the bus arbiter 15 for the right to use the system bus 21
via the host I/F 16. The CPU 12 and the DSPs 31 do not
request the bus arbiter 15 for the right to use the system
bus 21 because they are still being reset. Therefore, the
bus arbiter 15 gives the host CPU 2 the right to use the
system bus 21 in step S3.

[0027] In step S4, the host CPU 2 initializes the DMA
controller 17, the peripheral device 18, etc.

[0028] In step S5, the host CPU 2 instructs the CPU
12 to transfer the bootstrap program stored in the main
memory 3. When the DMA controller 17 requests the
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bus arbiter 15 for the right to use the system bus 21 in
response to the instruction to transfer the bootstrap pro-
gram, the bus arbiter 15 gives the DMA controller 17 the
right to use the system bus 21 in step S6.

[0029] In step S7, the DMA controller 17 effects a
DMA transfer of the bootstrap program from the main
memory 3 via the system bus 21 to the DRAM 11.
[0030] In step S8, the host CPU 2 turns off the reset
register 16A of the host I/F 16, i.e., releases the reset
register 16A from its reset state. The CPU 12 and the
DSPs 31 are now released from their reset states.
[0031] When the CPU 12 requests the bus arbiter 15
for the right to use the system bus 21, the bus arbiter 15
gives the CPU 12 the right to use the system bus 21 in
step S9. In step S10, the CPU 12 receives the bootstrap
program transferred from the DRAM 11, and executes
an initializing process. The CPU 12 also controls the
DSPs 31 to execute an initializing process.

[0032] In step S11, each of the DSPs 31-1 through
31-4 requests the bus arbiter 15 for the right to use the
system bus 21. When each of the DSPs 31-1 through
31-4 is given the right to use the system bus 21, each
of the DSPs 31-1 through 31-4 receives the bootstrap
program transferred from the DRAM 11, and executes
an initializing process. The host CPU 2 may control the
DSPs 31 to execute an initializing process, rather than
having the CPU 12 control the DSPs 31 to execute an
initializing process.

[0033] Inasmuch as the host CPU 2 provides the boot-
strap program stored in the main memory 3 to the DRAM
11, and the CPU 12 and the DSPs 31 are supplied with
the bootstrap program from the DRAM 11 to execute an
initializing process, the bootstrap program can be mod-
ified when necessary. Consequently, when a bug is
found in the bootstrap program, the bootstrap program
may be improved, and the improved bootstrap program
may be stored in the main memory 3. Other programs
may similarly be debugged and stored.

[0034] Because the host CPU 2 is able to obtain the
right to use the system bus 21, the host CPU 2 can use
resources of the media processor 4 and know their
states. Accordingly, the debugging process is facilitated
when a program is developed.

[0035] An audio signal processing sequence of the
video entertainment system 1 will be described below
with reference to FIG. 4.

[0036] In step S21, the host CPU 2 controls the drive
controller 14 to read programs and necessary data from
the recording medium 5 and supply them to the FIFO
memory 16B, which stores the supplied program and
data. The DMA controller 17 then transfers the data
stored in the FIFO memory 16B to the DRAM 11 accord-
ing to a DMA transfer process.

[0037] Instep S22, the CPU 12 indicates programs to
be executed to the DSPs 31-1 through 31-4. In step S23,
the DSPs 31-1 through 31-4 request the bus arbiter 15
for the right to use the system bus 21. When the DSPs
31-1 through 31-4 are given the right to use the system
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bus 21, the DSPs 31-1 through 31-4 read desired pro-
grams from the DRAM 11 and store them in the respec-
tive built-in DRAMs 44-1 through 44-4 in step S23.
[0038] In step S24, the DSPs 31-1 through 31-4 exe-
cute the programs stored in the DRAMs 44-1 through
44-4. For example, the DSPs 31-1 through 31-4 execute
a speech synthesis process, a sound synthesis process,
a speech recognition process, and a sound effect proc-
ess. The DSPs 31-1 through 31-4 read data necessary
to execute the programs directly from the DRAM 11, but
not via the CPU 12.

[0039] In this manner, the DSPs 31-1 through 31-4
read programs recorded in the recording medium 5 to
process audio signals.

[0040] Modes of operation of the digital audio signal
multiplexer 32 will be described below with reference to
FIGS. 5 through 7. The digital audio signal multiplexer
32 shown in FIGS. 5 through 8 comprises five switches
51-1through 51-5. The switches 51-1 through 51-5 have
respective terminals connected to the digital audio sig-
nal I/Fs 41-1 through 41-4 of the DSPs 31-1 through
31-4, respectively, and respective other terminals con-
nected in common to a terminal of a switch 51-5. The
other terminal of the switch 51-5 is connected to an ex-
ternal unit such as a speaker or a microphone (not
shown).

[0041] FIG. 8 shows a modified digital audio signal
multiplexer 32A that can be incorporated in the sound
engine 13. As shown in FIG. 8, the modified digital audio
signal multiplexer 32A comprises six switches 51-1
through 51-6. The switches 51-1 through 51-3 have re-
spective terminals connected to the digital audio signal
I/Fs 41-1 through 41-3 of the DSPs 31-1 through 31-3,
respectively, and respective other terminals connected
in common to a terminal of a switch 51-5. The other ter-
minal of the switch 51-5 is connected to an external unit
such as a speaker or a microphone (not shown). The
switch 51-4 has a terminal connected to the digital audio
signal I/F 41-4 of the DSP 31-4 and the other terminal
to an external unit such as a speaker or a microphone
(not shown).

[0042] In FIG. 5, the DSPs 31-1 through 31-4 are in
an audio signal output mode, and the switches 51-1,
51-5 are turned on and the switches 51-2 through 51-4
are turned off. With these DSP and switch settings, an
audio signal outputted from the DSP 31-1 is outputted
via the switch 51-5 to the external unit. Therefore, in the
mode of operation shown in FIG. 5, an audio signal out-
putted from either one of the DSPs 31-1 through 31-4
can be selected and outputted to the external unit.
[0043] In FIG. 6, the DSPs 31-1 through 31-4 are in
an audio signal input mode, and the switches 51-1, 51-2,
51-5 are turned on and the switches 51-3, 51-4 are
turned off. With these DSP and switch settings, an audio
signal inputted from the external unit is applied to the
DSPs 31-1, 31-2. Therefore, in the mode of operation
shown in FIG. 6, an audio signal inputted from the ex-
ternal unit can be inputted to one or more of the DSPs
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31-1 through 31-4.

[0044] In FIG. 7, the DSP 31-1 is in an audio signal
output mode, and the DSPs 31-2, 31-3 are in an audio
signal input mode. The switches 51-1 through 51-3 are
turned on, and the switches 51-4, 51-5 are turned off.
With these DSP and switch settings, an audio signal out-
putted from the DSP 31-1 is supplied to the DSPs 31-2,
31-3. Accordingly, data can be transferred between the
DSPs 31-1 through 31-4 in bypassing relation to the sys-
tem bus 21.

[0045] In FIG. 8, the DSP 31-1 is in an audio signal
output mode, and the DSPs 31-2, 31-3, 31-4 are in an
audio signal input mode. The switches 51-1 through
51-6 are turned on. With these DSP and switch settings,
an audio signal outputted from the DSP 31-1 is supplied
to the DSPs 31-2, 31-3, and outputted via the switch
51-5 to the external unit connected thereto. Further-
more, an audio signal outputted from the external unit
connected to the switch 51-6 is supplied to the DSP 31-4
via the switches 51-6, 51-4.

[0046] The synchronous serial signal multiplexer 33
and the asynchronous serial signal multiplexer 34 are
basically identical in structure to the digital audio signal
multiplexer 32 or digital audio signal multiplexer 32A.
Therefore, the synchronous serial signal multiplexer 33
and the asynchronous serial signal multiplexer 34 can
process synchronous and asynchronous serial signals,
respectively, in the manner described above with refer-
ence to FIGS. 5 through 8.

[0047] Since signals inputted to and outputted from
the digital audio signal multiplexer 32 or 32A, the syn-
chronous serial signal multiplexer 33, and the asynchro-
nous serial signal multiplexer 34 are controlled as de-
scribed above with reference to FIGS. 5 through 9, data
can be transferred highly efficiently at a high rate.
[0048] The term "system" used herein represents an
overall arrangement made up of a plurality of units, de-
vices, means, or individual components.

[0049] A providing medium for providing a computer
program and/or data which carries out the above
processing to the user may comprise any of various in-
formation recording mediums including a magnetic disk,
an optical disk such as a CD-ROM, a solid-state mem-
ory, etc., and any of various information transmission
mediums used in networks and satellite systems, etc.
[0050] According to embodiments of the present in-
vention, because the right to use the bus is given to an
external device, the programs can easily be modified.
[0051] Furthermore, inasmuch as data can be trans-
ferred in bypassing relation to the system bus, the data
can be transferred efficiently at a high rate.

[0052] Although certain preferred embodiments of the
present invention have been shown and described in
detail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.
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Claims

1. An apparatus (4) for processing information,
comprising:

a bus (21) with an external device connected
thereto;

arbitrating means (15) for providing the right to
use said bus to the external device in response
to a request from the external device;

memory means (11) for storing a program sup-
plied from the external device via said bus;
executing means (31-1, 31-2, 31-3, 31-4) for
executing a predetermined process based on
the program supplied from said memory
means; and

management means (12) for managing the
process executed by said executing means
based on the program supplied from said mem-
ory means.

2. An apparatus according to claim 1, wherein said
external device comprises a host CPU (2) for read-
ing a bootstrap program recorded in a recording
medium (5) when the apparatus starts to operate,
a main memory (3) for storing the bootstrap pro-
gram read from the recording medium, and a host
bus (22) connected to said host CPU and said main
memory, said apparatus further comprising:

an interface (16) connected between said host
bus (22) and said bus (21); and

means for transferring the bootstrap program
stored in said main memory via said host bus
(22), said interface (16), and said bus (21) to
said memory means (11) according to a direct
memory access transfer process.

3. An apparatus according to claim 1 or 2, wherein
said recording medium stores audio signal data
and/or video signal data, and wherein said external
device processes said video signal data, and said
apparatus processes said audio signal data.

4. An apparatus according to any one of claims 1 to
3, wherein said bus (21), said memory means (11),
said executing means (31-1, 31-2, 31-3, 31-4), and
said management means (12) are incorporated in
a single semiconductor device.

5. A method of processing information in an infor-
mation processing apparatus having a bus with an
external device connected thereto, comprising the
steps of:

providing the right to use the bus to the external
device in response to a request from the exter-
nal device;
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storing a program supplied from the external
device via said bus;

executing a predetermined process based on
the stored program; and

managing the process being executed based
on the stored program.

6. A providing medium for providing a program and/
or data readable by a computer to control an infor-
mation processing apparatus having a bus with an
external device connected thereto, to carry out a
process comprising the steps of:

providing the right to use the bus to the external
device in response to a request from the exter-
nal device;

storing a program supplied from the external
device via said bus;

executing a predetermined process based on
the stored program; and

managing the process being executed based
on the stored program.

7. An apparatus for processing information, com-
prising:

N signal processing means (31-1, 31-2, 31-3,
31-4) interconnected by a bus (21);

control means (12) connected to said signal
processing means by said bus, for controlling
operation of said signal processing means;
arbitration means (15) for arbitrating the right
to use said bus by said N signal processing
means and said control means; and

transfer means (32, 33, 34) controllable by said
control means, for transferring data between
said N signal processing means in bypassing
relation to said bus.

8. An apparatus according to claim 7, wherein the
data transferred by said transfer means comprises
audio signal data.

9. An apparatus according to claim 7 or 8, wherein
said signal processing means comprise digital sig-
nal processors (31-1, 31-2, 31-3, 31-4), said control
means comprises a CPU (12), said arbitration
means comprises a bus arbiter (15), and said trans-
fer means comprises multiplexers (32, 33, 34).

10. A method of processing information in an infor-
mation processing apparatus having N signal
processing means interconnected by a bus, com-
prising the steps of:

processing a signal with said N signal process-
ing means;
controlling operation of said N signal process-
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ing means;

arbitrating the right to use said bus in the step
of processing a signal with said N signal
processing means and the step of controlling
operation of said N signal processing means;
and

transferring data between said N signal
processing means in bypassing relation to said
bus in the step of controlling operation of said
N signal processing means.

11. A providing medium for providing a program
and/or data readable by a computer to control an
information processing apparatus having N signal
processing means interconnected by a bus, to carry
out a process comprising the steps of:

processing a signal with said N signal process-
ing means;

controlling operation of said N signal process-
ing means;

arbitrating the right to use said bus in the step
of processing a signal with said N signal
processing means and the step of controlling
operation of said N signal processing means;
and

transferring data between said N signal
processing means in bypassing relation to said
bus in the step of controlling operation of said
N signal processing means.

11. A computer program having program code
means for performing a method according to claim
5 or claim 10.
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FIG. 3
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FIG. 4
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